a2 United States Patent

US009476725B2

10) Patent No.: US 9,476,725 B2

Fisher et al. 45) Date of Patent: Oct. 25, 2016
(54) ELECTRIC VEHICLE CHARGING USPC ottt 701/117
NETWORK SERVICES See application file for complete search history.
(71) Applicant: AIRBIQUITY INC., Seattle, WA (US) (56) References Cited
(72) Inventors: Sheldon Fisher, Sammamish, WA (US); U.S. PATENT DOCUMENTS
Bheemrao Zhade, Redmond, WA (US) 7,986,126 Bl 72011 Bucci
8,965,669 B2 2/2015 Fish
(73) Assignee: Airbiquity Inc., Seattle, WA (US) . e
(Continued)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
US.C. 154(b) by 0 days. CN 102024999 A 42011
CN 102189994 A 9/2011
21) Appl. No.: 14/594,923
(1) Appl. No ’ (Continued)
(22) Filed: Jan. 12, 2015
OTHER PUBLICATIONS
(65) Prior Publication Data ) ) o
International Search Report and Written Opinion for PCT/US2013/
US 2015/0127248 Al May 7, 2015 020697 dated Mar. 26, 2013; 8 pages.
(Continued)
Related U.S. Application Data
(62) Division of application No. 13/736,805, filed on Jan. Primary Examiner — Brian. P Sweeney »
8, 2013, now Pat. No. 8,965,669. %4) Aggney, Agent, or Firm — Schwabe, Williamson &
att P.C.
(60) Provisional application No. 61/584,688, filed on Jan. Y
9, 2012. (57) ABSTRACT
To provide remote services, including dynamic, interactive
(51) Imt.CL : . . .
GOIC 21/34 2006.01 assistance to electric vehicle (EV) users, a central server is
( 0D arranged for electronic communications with EVs (15) and
B6OL 11/18 (2006.01) with client devices (11). The server also communicates with
G06Q 10/04 (2012.01) at least one EV charging station network, which in turn
(52) US. CL communicate with individual charging stations (30). Remote
CPC ... GOIC 21/3469 (2013.01); B6OL 11/1838 services may include trip planning, locating charging sta-
(2013.01); B6OL 11/1861 (2013.01); tions, checking availability and suitability of charging sta-
(Continued) tions, making reservations at charging stations, and updating
. . . plans en route. The server collects data from the EV and
(58) ?I(:lcd of Clas(?:)ﬁlcélt;il/lystggrd(l}OlC 1/3492: GOLC analyzes the data to determine various statistics. The system

21/3415; GO1C 21/3484; GO6Q 10/047,
B60L 11/1838; B6OL 11/1861; B60L
2240/72; B60L 2230/40; B60OL 2240/70;
YO02T 90/121; YO2T 10/7291; YO02T 90/14;
YO02T 10/705; YO2T 90/128; YO2T 90/163;
YO02T 90/16; YO2T 10/7044; YO2T 10/7088;
YO02T 10/7005

12

!

advises a user on readiness of the EV to complete a proposed
trip before recharging the EV batteries. Client devices may
include smart phones, computers, or a head unit in the EV.
Application software programs are executable on the client
devices to provide user interfaces for accessing the remote
services and for communicating with the central server.

25 Claims, 28 Drawing Sheets

Server 1%
Application
V20
15
o EV I Network(s)
1
)
) Network devices 30
Client iated with electric
vehicle charging stations




US 9,476,725 B2
Page 2

(52) US.CL
CPC ... G0IC21/3415 (2013.01); GOIC 21/3484
(2013.01); GOIC 21/3492 (2013.01); GO6Q
10/047 (2013.01); B60L 2230/40 (2013.01);
BG6OL 2240/70 (2013.01); B60L 2240/72
(2013.01); Y02T 10/705 (2013.01); Y02T
10/7005 (2013.01); Y02T 10/7044 (2013.01);
Y02T 10/7088 (2013.01); Y02T 10/7291
(2013.01); Y02T 90/121 (2013.01); Y02T
90/128 (2013.01); YO2T 90/14 (2013.01); YO2T
90/16 (2013.01); YO2T 90/163 (2013.01)

(56) References Cited
U.S. PATENT DOCUMENTS

2005/0274553 Al
2007/0208467 Al
2008/0319642 Al
2010/0094496 Al*

12/2005 Salman et al.
9/2007 Maguire
12/2008 Debie
4/2010 Hershkovitz ............. B60L 3/12
701/22

2011/0032110 A1*  2/2011 Taguchi ..o B60OL 3/12
340/636.1

2011/0191186 Al 82011 Levy

2012/0179323 Al* 7/2012 Profitt-Brown ........ GO01C 21/26
701/29.1

2013/0179057 Al 7/2013  Fisher

2013/0179135 Al 7/2013 Kang

2013/0253740 Al 9/2013 Kim

FOREIGN PATENT DOCUMENTS

CN 102192755 A 9/2011
EP 2385349 11/2011
WO 2012/044447 A3 4/2012
WO 2013/106345 Al 7/2013

OTHER PUBLICATIONS

European Patent Office (EPO); Extended EP Search Report EP
13736095 4; dated May 4, 2016; 9 pages.

* cited by examiner



US 9,476,725 B2

Sheet 1 of 28

Oct. 25, 2016

U.S. Patent

0€—

suonejs Buibreyo spiysa
JUJ09]9 YJIM PaJeIoosse
S9DIASP YIOMION

1 'Ol

001

Jusid

)

m:

Sl



US 9,476,725 B2

Sheet 2 of 28

Oct. 25, 2016

U.S. Patent

AN
Y%

€ "D ¢ ‘D4
\\ N 4 N
« \§/ Snje)s apPIYaA T Japujway Eoswmmn;
< forolt SINWWION IXSN T Ew_mmm;
« e awi] aAuQ XON
< |01JUO?) SJOWSY .
) ’ ﬁ uifo
mop able .
\ ®g ﬁ N S51EH0 ) ol JaqUISWaY ﬁ\w
00} 0 ﬁ plomsse |
o it
S. ° 6z h sWeuas
05 % /
H Fm 09 0L AQYY
(30N ONIN 360 "OAV SAVOOL | Aunbiqury

L




US 9,476,725 B2

Sheet 3 of 28

Oct. 25, 2016

U.S. Patent

¢ "Old

¥ 'Dld

v\
4,2/ eineladwa) uigen ( 1n0Bo7 )
Y, \_ Y,
A s ~N N N — ~
sybr7 /3juoH dnyeis sbumas | [puomM AT || AoisiH || spiyap
(@ )
: o w|® | ®
. VRN J O\ VAN S
oolun 3007 f 1 ( suonesg | [ souuerd | [ sepuiq |
@ @ senwwon| | Buibieys | | [eAeiL CTRUET
N8| | e | <
p p P p - J U J J J
4.8/ r N (7 N (7 N h
JANLYYIdWIL NIgYD s9jjold saullL [0RU0Y
093 aALQ ajowey OWoH
n_o.vw % ) G
@ W =
\M/ . J /o J o\ /
N/ N




US 9,476,725 B2

Sheet 4 of 28

Oct. 25, 2016

U.S. Patent

™ . ™
T 8lWI| BALQ MBN _8@ T Sewl| 8L IP3 B %_L
sowl] SAUQ JO Wn] a
: "UONBIBA UO
doCL UIGBY  —— a1,nof UBYM JO Jed InOA asn J.uop oA mouy noAk
4 m*,_m_uw_mmm \a UBYM SaWI] 9AL(] 4O winy o) Juem jybiw nox
‘uige *aAea| noA uaym noA Jo} Apeal aq
402/ °UIqeY —— :
< Wd 00:8 ) pue sawi abieyd }s00-mo| ‘oy0ads Jo abejueape
skepuq aye) 0} A} [[Im Jed JnoA pue ‘}Iom aARS| NOA mouy
; NoA usym Nd 00:6 18 m_>mv__“_>acr s fepuopy
_ SaWI] 9Au( 19S pinod noA ‘a|dwexa Jo4
< “_om_n_ n_cﬂmw ) 4 ‘Kepyoam oyy1vads e Joj awi aAup e ppe Aldwig
sfepsan] " .
awiy uo pue Ajgepioye
§]eag PojedH '4,9/ UIGE)  —— - Jsow }I paau noA uaym pabieys
< . E.ﬂ%% N Aejs noA djay |im sawi] aALQg
g J - J
/AN /AN
N N




US 9,476,725 B2

Sheet 5 of 28

Oct. 25, 2016

U.S. Patent

6 ‘Dld 8 'DId
suog Kepseupep A
Aepung M Kepsan| W
Aepinjeg M Aepuopy M
fepu M 10} BADOY
Aepsiny | M sjeag JeaH-ald @
AepRaUpoM m ﬁ a 4.2/ ainjesadwa | c_nmow
fepsant m Buiuonipuon-aid
Aepuoly | A

ooy || || =[] [~ [oo](~] 8]
sjeaq 1eaH-ald \\Ja Je Apeal aq p|noys Jed A

— 7




US 9,476,725 B2

Sheet 6 of 28

Oct. 25, 2016

U.S. Patent

e ™ ~ ™
T 310l 9BIeyD 003 MON _gi T saljoid 9BIeyD 003 Jp3 ;mi
9pOJ\ 003 0} }jneje(] a
VM ‘Ollless ‘1eals Jayiouy .
SUoRE20)|
< lIEIN umojumo( %k paulapun [e Je ainjea} iy} 21| 0} YSImM NoA
J1 apopy 093 0] saouLIRjR.Id JNeap JnoA 198
< VM ‘S[liess ‘py jomol4 ¥5 )
OSnoy s,uyor |/~ “u )1 Bnid noA se uoos se Buibieys
uibaq [m »_H ‘apojy 003 29%% L,uop noA J ‘moj
‘ . —_— ale seoud Ajou)ase usym abieyo |Im )1 ‘Uonedo)
4 VM SRiESS PAIE SIS o%om > oyloads e je ul pabbnid s sIym apo 093 Ul
Yom /] abieyo 03 ajo1yaA ou308|8 JnoA dn 188 noA usym
) VA ‘emess Joas U €20 () p jAouow aiow udAd
swoy |/ aAes noA djay sajuoid abieys 093
\_ , g ,
AN YONRN
N N




US 9,476,725 B2

Sheet 7 of 28

Oct. 25, 2016

U.S. Patent

€1 'Old

¢l ‘'Old

suonoali(] mc_v__m>>)

I4osa]

whiaioqy Yred

auo(]

ﬁ

9SNoH w.csm&

uo1e20| SIy} 10}

aweu e auljaq

T

VM ‘Besg s ule mNL

‘a|yoad abieys

B SB )1 aulap 0} uonyeso| Buibreys
)se| JnoA Jo aUO J99]3s ased|d

AN\

A




US 9,476,725 B2

Sheet 8 of 28

Oct. 25, 2016

U.S. Patent

gL 'Ol

1 Ol

OAY WI9)SaM (0]

IW Z2°0 - oAy UIB)SOAA OJuo Em_._ unj °/
wgoJdo} >m>> J9|S9 A QU0 Joj uIn] "9

IWZ"0 40} S "IX3 BNUSAY pug ojuo Jybu wny °g
I /0 40} )S UOSHOB[ S OO Y9 WN) ¢

Il )} Jo} S any Jaurey uo Aejs o) Y| bIIS "¢
} € 104 S OAY Jaluiey 0juo Jybu win] °Z

IUI 20 10} 3S Javj[eM S Ojuo Yaj win) |

1S maIneg S :wol4

BIQUINIOJ

puES|
JogeH

M

ollje

\‘ O

4.
/\

SN

whyesogquy ed

() vancen

MAIA 18I

P

-

AN
N

AN\
N




US 9,476,725 B2

Sheet 9 of 28

Oct. 25, 2016

U.S. Patent

Z1 Ol

91 'O

ﬁ 8)noy ajejnoje) g

Iw || :ebuey 9, ¢z :8b1eyn
Uonedso Jualing s.Jed o

ﬁ uoners Buibieyd ppy w ﬁ JuI0d 9IN0Y PPy Q

A\ J

9)N0Y INOA cm_nL

"puiw Jo soead aAlb 0}
818y S1 Jauue|d [sAel] ‘Asea pue Apusiusauc)

*duy Inok axew ues

noA JI noA |8} AjJOBX3 [[IM JOUUB|d [OABIL ‘Usy]
"ajn0y alejnojes Yyoljo pue sjuiod sjnol alol
J0 Uo ppe jsnr 'noA djay ueo Jsuueld [9A.I |
‘abueyo o) Buiaey Jnoyyim suoieulsap ajdpinw
10 9U0 Yoeal ued noA JI Ins Jou a1noA JI ‘o8

‘|Jons] 9b.ieyd

pue uonisod juaiind s Jed JnoA
uo paseq sajnoJ ajejnojes

noA s,)9] Jouue|d [9AeI]L 9yl

)

YO

VONN

N

A4




US 9,476,725 B2

Sheet 10 of 28

Oct. 25, 2016

6l ‘'Ol 8L ‘D4
6 IweQ N 4 I
6€709 11 ‘abednq s|jiAussuay @
1S e €21 T uai
W g0 .
65709 11 ‘9Bednq ‘u|I3 ue|9 “\@Hw
)guew gz &
w0
6£709 11 %009 ‘Juowa
1S Ulely €71
WZ0
20209 711 %009 ‘uojsuery (o)
1S Ulel €21 Y
TR { poomAe IS UEW €2 |
£6109 71l ‘Poomiel ()
ISUeN £z N ‘ ‘ 5
(VM ‘oiees ﬂm urley £z} 6-9)
"__.ucsoh oM SSaJppe Jo 9dk|d B J19jud 9sed|d
MaIp depy Q ﬁ suojjeunse(] paAes w ﬁ SS8JppY 8WOH g
Y (g S
/AN /AN
N N

U.S. Patent




1C "Old

0C "'Old

US 9,476,725 B2

a)noy ae|nojen

Sheet 11 of 28

BIQUIN) /

@

pueis|

JogueH

1E3

@

XS

1 ‘poomAeyy
S el €21

Oct. 25, 2016

Iw || :obuey 9, ¢z :obreyn
UOI}e207 JuUaLINg S JeJ INOA

2

WijBI0guy Jied

NS
\ 66 )7

ﬁ uones buibieyo ppy Q ﬁ julod 8N0yY PPy Q

MaIA 18I

VRN

N

U.S. Patent




US 9,476,725 B2

Sheet 12 of 28

Oct. 25, 2016

¢€C ‘'Old ¢¢ ‘'Old
N 4 N\
ﬁ ) %é Auo suoners yuomeN (]
Ao seponey () ﬁ ‘ __é ﬁ ‘ __L
AUQ SUOIEIS S1aNg N abuey a|o1yap sjona Jabieyn
Auo suoperg sei4 [ ﬁ - __é
Aluo suoyels yomieN [ A | spueig
3 m obeayo 9s ulew mwg
ﬁ A __/L ﬁ a v
. aweu uone}s abieyo ayoads
obuey 9jolyap - sjanaT sebieyd 10 SSaIppe }931)S B J3)U asea|d
ﬁ - __/L
ﬁ UONBI0T JUSLINY JEaN YoIeas g
spue.g
J . J
ONN O

U.S. Patent




US 9,476,725 B2

Sheet 13 of 28

Oct. 25, 2016

U.S. Patent

¢¢ ‘Dl ¥< "Dl
\

WEL
ZETy somscrl 4
/ N sweN Jayjouy \\sm_\\

@ w0

ool oAy UOSIPEI £Z1

(i abeyq pueig

06 77 wezo
N isiens ezl QN
E Buibreys dnapep AN

yose 7z Cljeas

%\w w0
B suenezk (R
> aWeN uone)s NH

&f/
L @r(@)
@ obesaly s uley €21
g @ leau punoj suoine)s
WinjeIoqy Yied i
e N
MBIA JSIT MaIA depy
(( J
RN IR
N N




US 9,476,725 B2

Sheet 14 of 28

Oct. 25, 2016

U.S. Patent

£Z¢ 'Ol

9¢ "Old

8)noy aye|noen

uoners Buibreyn asn

7] ‘obedlyd
%ﬂ Joaug ule £21
swieN uonels

71 ‘poomAepy
1S Ul €21

Iw || :ebuey 9 ¢z :ebreyn
UOIeI0T JUaLINg SJeY INOA

<

Iw e oL —

RN

N

Wee —

©

-

ﬁ uoneys buibrey) ppy Q ﬁ julod 8noy ppy w

J

AN\

B/U :99Lid
wd 00:0} Ja)e poyoo S| ajes) .o__nzn_ -SSINY

196¥ €21 (G5) :auoyd
GYEZ) VM BIMESS ‘J9asiS U €7 :SSaIppy

a|0elieA. ;2. /LI 'YOE ‘AOYZ - Mod
d|qeleAe 9} ‘AOZL :| Hod

Wd Gl-Z) “Aepo) jo sy

snjejs

1se4 0Q ‘2111 :sjeAe Jebreyy

BZB|d 8NUBAY YIG
BOLBWY JO YUBg JO SJUBUS) JO} 8SN SJeAld

aweN uone;s @

AN\

AV

N




US 9,476,725 B2

Sheet 15 of 28

Oct. 25, 2016

U.S. Patent

6C ‘Dl 8¢ "Dl
~ R e N
ﬁ 8)noy aje|nojen Q T mezQ
— dWOH
W69l —
7| ‘oBealyo s
= Joa1S ufe 737
I
W G0l —
— | ‘poomAeiy &
— JS ute €z} ﬂ%
WGe —
Iw || :abuey 9 ¢z :abieyn
uones07 JudNY S Je) Jnop ﬁ aess “00 1S Ulel] mmmw
ﬁ uolyels buibreyd ppy Q ﬁ Juiod @ynoy ppy Q ssaJppe Jo aoe|d e Jojuad ases|d
. _/ _/
VIR IR
N N




US 9,476,725 B2

Sheet 16 of 28

Oct. 25, 2016

U.S. Patent

1€ "Dl

0€ "Dld

7 ™ ' ™\
7| ‘obealy) &
< Jen 0] 8)noy pus %F janS Ul €71 (480
i .0} ainoy puas | usuen et ()
< a)noy JI v
SRUE! 1l ‘poomAey ﬂ/@/#
ISURN €ZL N
WGge —
won ()
uoljeaoT Jualing s,Jes oA @
W 69} —
‘oBeal
mmﬂ 10318 UIEW £o1 “\m_mw W 'z} - S{Eeq oMoy
swey uopelg .
W G0b — g uoneuysep
Loeal 0} 8|qe aq Jou Jybiw naA 9 uoneunssp
11 ‘poomAepy /p/@«/# yoral 0} MO| 00} SI [9As] abieyDd Juaind Jnox
ISuEeN £k N\
wee — Ue|d |[9ABI] JNOA
UoPEI0T JULINY S.JBY INOA @ ﬁ A 3IN0Y 1sa)se ;o;ww
lw |z}, - S|leJeq anoy
ﬁ MaIp depy Q
L g uojeupsap % J
ONN /AN
N N




US 9,476,725 B2

Sheet 17 of 28

Oct. 25, 2016

€€ 'Ol ¢t ‘Dl
g ™ ~ N
Auo suoers yomeN (A d/ L N
poomejes (&
ﬁ A __4@ ﬁ a __dg — _Mwﬁ__:m_|
abuey 9[o1yap  sjona Jabieyn
%@
ﬁ a __L NASW D@
spueig PoTMIA 6 @
ﬁ oBeayd 18 ulep mNL A\ B
aweu uoneys abieys syoads D B
o SSalppe }9aJ}s e Jajud ased|d soomioouT @ /F
AN NG
ﬁ LOI)EO0T JUBLINY JeaN Yoleas w ( M3IA 1S )
\_ J \ &\
AN NN

U.S. Patent




US 9,476,725 B2

Sheet 18 of 28

Oct. 25, 2016

¢¢ "Old ¥E€ "Old
A s N
s @ || 1[4 pon |
swe \\\@\\\
N J8yjouy 7

N _w,_Emmm AuQ sejioAe \\Ja
obieud pueid Auo suopels aliand [,
15 10as £2) &) Auo suonesg sai4 [ A
Bujbieys dnopepy AN ' \
WO AuQ suoneys yomiaN [~
ouy wonmg D )
[ )| v

obealy) 1 ule ¢zi
Jeau punoj suone)s abuey apo1yap s|aneT sebieys

ol don Q ﬁ - __L

spuelg |

IR RN
N/

N

U.S. Patent




US 9,476,725 B2

Sheet 19 of 28

Oct. 25, 2016

U.S. Patent

L€ "Old

9¢ "Dld

SuoIjoBIIg 199

~

1en) 0} Jusg

INEEN

J

B/U :99lid

wd 00:0 Jeye paxoo| si 8jes) ‘Ol|gnd :$§829y
1967 €21 (g66) :euoyd

GYEZL VM SINesS ‘Jeauns iRl €2 :SSalppy

SlqelleA. ;2. /LI "YOE ‘A0YZ :Z Hod
9|qelieAR 19| ‘AQZ| ) Hod

Wd G1:Z) ‘Aepoy jo sy

snjejs

1884 04 ‘2117 :s|9Aa Jabieyn
BZe|d SnusAy Yig
BolBWY JO jyueg Jo sjueus) Joj asnh a)eAlld

awep uonels @

BIqUINO)

ose Y7205

<

\\\

wijeI0qy Yied

MAIA 18I

AN\

AN\

A4

AV




US 9,476,725 B2

Sheet 20 of 28

Oct. 25, 2016

U.S. Patent

( 3 ) ulw g+ JPEOY J0BW, BIA (5 )
< [ENUEJ SIBUMQ < anwwog yiop | ¢

Wd 00:2 (100 ]

< soueusjutely 9|IN-000°01 uw Z}+ JPEOY JOlB, BIA ()
< dNWWON RIoM I

« SOUBUSJUIE SIIN -000' Wd 00:2 ==

/ ulw ¢- .PEOY I0[BN, BA (ag )
< SJNWWOY YoM 0¢

Wd 00:2 (435 ]

ulw g+ JPEOY IO, BIA (g )
“papuswiwosal Ui Bnid 4 anwwo yiop | 62

"pejI| S| 8ouURWIOMa “Alseq pjoD Wd 00:, (435 J

100d adueuLiopad Aisyeg unw - WPeOY J0fe, BIA (oo )
< SNWWOY) YoM 8¢

poos) ainssaid adi| Wd 00: L <28 )

sanuIWog Iy

poo9 yyeay Aiapeg uIw Z+ JPEOY 10/e[, BIA oz )
< Q SNWWOY) YoM 1[4

$9|IW 9Z6'Y J9jeW0pQ Wd 00:L L=

9 ) gjnwwon buiwoadn
PR RN
N N




US 9,476,725 B2

Sheet 21 of 28

Oct. 25, 2016

U.S. Patent

LY "Dl 0o¥ ‘DI
™ 4
( ™
< sabug|leyn
< el A3 Poo9 i Ggez  ObiIeyd %001/s8li “BAY
abessry  sq) G62¢ UMY/SelIN
N ) SWON ) pooo 9iv$ 3|IW/YM
- uonpdwnsuos ABiaug
\l\\ \n\lﬂ' Wmn (m% Q/ IW 6Z€2 uaAL( S9N
\ . 0 .
ﬁ\ @% X sq| G62¢ pareS 200
& v 9lv$ paneg Asuop
859y SPIYOA D108 sbuireg
‘ApuUsIoIYS BI0W SALIP 0} UOIRIS|80J. pue
Suo} 6858 P8AES <00 Buiyeiq souejeq 0} i jJOALIP BAIJOE UEB dJe NOA
L92°188'LY UaALIQ S8l dL)o3(3 ﬁ ﬁ yloows | ey | eapoy | Auodg w
h \k N
PN PN
N N




US 9,476,725 B2

Sheet 22 of 28

Oct. 25, 2016

U.S. Patent

€Y 'Ol ¢t 'Ol
vesscssesse | PIOMSSEd )
a CON_:S, lauien
L196¥ €21 (59) 1+ 3llqol
R 18| auozewy
a | s9B)S noﬂ_c:) Aijunos
Eoo.%mumc.@cr_o_, [lew
dd )
moo) aweN jse v Sl
g Aunwwos
uyop | awep jsii4
) JUNo2dY
p /
NN NN
AV AV




US 9,476,725 B2

Sheet 23 of 28

Oct. 25, 2016

U.S. Patent

SY ‘DI vv "Dl
sabueyn Ajddy sabueyn Ajddy
( \  plomsse
alfyg Buiaug AW aseys i P _E_,Eou
SJUBWAA3IYIY A a1eys ( . plomssed
AUIS paumQ aleys (. CON_E>, Jauien
UBALIQ S3IN |E10L BIEYS [ J9cvez) (Gos) 1+ | ndon
aseq aWoH aleys ; ._.wo“ 607 el
3J9IyaA > \ |
s,uyo ( )
Ad S L pajeloossy a | S8lEIS pajun Aiuno)
ommvcco@ aweusasn ES.%%mE@Eo_J lewg
/AN AN
% hYd




US 9,476,725 B2

Sheet 24 of 28

Oct. 25, 2016

U.S. Patent

LY "Old

9% "Old

Bk

(-

J

owl] yeys

1 10¢ 6¢ AON .m:._.w

ajeq

plomssed w

oEmEmwi

‘uone)g buibreyn
SIY} Je UOneAISSal B d)eLU O} S|ejuapald
Junoade jJuiogabiey?) 1nok apinoid sseaid

N

awep uonejs W/ﬂw

VONN

\

ﬁ JUnoo2Yy ddy ajIqo 8191eQ w

h sobueyn Alddy w

m ajepdn-oiny

( piomssed
w09

Q piomssed

~

RN
N

AV




US 9,476,725 B2

Sheet 25 of 28

Oct. 25, 2016

U.S. Patent

6V "Dld 8¥ "Dl
A
UCIIBAISSTY [93uUeD w OAIOSOY
9809 w ﬁ A mcoZQ
Jopujwdy
000  8dud |ejoL
sinoy ¢ uoljeing ﬁ A sinoy vg
L0z 62 >_\W_M A%.m Pl ﬂﬂm
VM 8eag ‘jeaiig Ulep €21 ssalppy uoneing
aweN uonels dnapely Swep uolje)s
s|Ie}aQ UoIJeAIaSOy ﬁ - _\,_L ﬁ a oou ﬁ A &
"PaULILUOD S| UoeAIaSal uole)s Buibieyd JnoA awi] yels
SR
SuleN uonels ﬁ a 110 62 AON .gL
J
/AN AN\
N N




US 9,476,725 B2

Sheet 26 of 28

Oct. 25, 2016

U.S. Patent

1< "Dl

0< 'O

s I
ﬁA 9IN0Y |leua)lyy >>o_>w ON
SOA
Ul G+ :9Jn0Yy ajeuIs)Y
"Jowe Jis Jojop wnsd|
walo a19y pahejdsip s1 Adod sjuaas 1o suoly
s9|wW L :oauesiq
ulw Qp 'S| aWI) [9ARIL
uw Zp+ 'Sl 3jnwIwo)
4 UONBAISSSI SIY) [8OUBD 0} Juem Ajjeal nok
S|Ie}aq SINWuIo) oQ ‘Aed 0} aAey (M noA jey) 000§ 0 Ayeuad
B Ul }|nsal [|m uonealassl sy buipoueq
ANWWIOY YoM _ 97 SR
% Wd 00:L [ ags SlueN uohels W)
_ ,
AN\ VNN
A4 N




€< "Dl ¢S 'Ol

US 9,476,725 B2

a4 N\
) L -
r\/ vﬂha_mw mv
poeag |
(@
T o N

Sheet 27 of 28

Yieg
POOMPIIAL

Lﬂ & @®—®
nc%mm_; /@lﬁ/

Oct. 25, 2016

uoosc_ou:_._ Hm // O uooa:_h_oo:_._ fg\ // )

N e N
ouel] spiH olel] Moys
\K (r \\
PIRN RN
N N

U.S. Patent




US 9,476,725 B2

Sheet 28 of 28

Oct. 25, 2016

U.S. Patent

¥< "Dl

-

#oN afiusyo afueyg-003 afieyn-co3 sajjald IIY ¢
Jnegag Hom WoH :sajyold afeyy 003
H [BNUBY SIBUMQ MBIA w NO :Buuopipuog-aid uigen \| i H
0O SJy6r] max n_mwm
@ ]
/O
¥ooun o
Y 9 | @
Ppp
jeunssaig aiL yoayg g 2 e
Vel O _ D
selI 976 ejawopo do¥9
( SNIEIS SPIUEA [03UTD) Sjoway ] [ sebeydgeouen |

FINWIOD JIOM

SOINLILIOY I ¢
@ynwwog Bujuoodn

SOWIL SAUA IV «
‘8wl oAlQ Buwoodn

ERAL: LT
=

nobo7

-

sBumag Junoooy @

T (Fioool AVOOL Ho4 38N ALdW3
_.M_ a AV _ ADYINT JOVHIAY ﬁ_“E _“_

004 0
%
] o
0 o

@ ﬁ moN ebireyn H

J1/E2/0) uo wd gzi¢ :eyepdn smyejg jse
LUEZi0L uo we 0o 3e peBueyd Aing
Wepg:) opue 0oz} :own) ebley xeN

BuiBreys 10N sejw patiieyd 9

Tt | Q) 0.

SNLY1S ONd % JONVH ONIANG H TINTT ADHANT @

suojeaysoN ()

pHom AT G

fosn @)

Aunbigiry
\_&

SUONN|0S B[91Y3A UBBIS) PajoauUs)




US 9,476,725 B2

1
ELECTRIC VEHICLE CHARGING
NETWORK SERVICES

RELATED APPLICATIONS

This application is a divisional of U.S. Ser. No. 13/736,
805, filed on Jan. 8, 2013 which claims the benefit of U.S.
Provisional Patent Application No. 61/584,688 filed Jan. 9,
2012 and all are incorporated herein by this reference.

COPYRIGHT NOTICE

© 2012-2013 Airbiquity Inc. A portion of the disclosure of
this patent document contains material which is subject to
copyright protection. The copyright owner has no objection
to the facsimile reproduction by anyone of the patent docu-
ment or the patent disclosure, as it appears in the Patent and
Trademark Office patent file or records, but otherwise
reserves all copyright rights whatsoever. 37 CFR §1.71(d).

TECHNICAL FIELD

This invention pertains to methods and apparatus for
networked electric vehicle (EV) user support services.

BACKGROUND OF THE INVENTION

Conventional technical schemes are available for assist-
ing a driver in determining an appropriate time to “fill up”
their vehicle. The conventional technical schemes typically
involve a fuel gauge installed in the dashboard of a vehicle.
The fuel gauge may have a full marking, an empty marking,
other markings in between, and a needle indicating current
fuel level relative to the markings. The gauge may also
include a fuel light to activate when current fuel level
reaches a preset fraction of maximum fuel. A driver can use
the fuel gauge to determine an appropriate time to “fill up”.

While these conventional technical schemes for assisting
a driver in determining an appropriate time to “fill up” or
refuel their vehicle, partially or completely, are typically
sufficient for gasoline powered vehicles, electric vehicle
usage is different than gasoline powered vehicle usage. In
particular, electric vehicles considered as a whole typically
have a shorter range (distance between “fill-ups”) than
gasoline powered vehicles. Electric vehicles typically
require several hours to recharge, which is longer than the
minutes needed to refuel a gasoline powered vehicle. Also,
electric charging stations are not currently ubiquitous (as
compared to gasoline stations). In view of the forgoing, a
technical solution is needed to assist a driver of an electric
vehicle in determining an appropriate time and place to
recharge their vehicle battery.

SUMMARY OF THE INVENTION

The following is a summary of the invention in order to
provide a basic understanding of some aspects of the inven-
tion. This summary is not intended to identify key/critical
elements of the invention or to delineate the scope of the
invention. Its sole purpose is to present some concepts of the
invention in a simplified form as a prelude to the more
detailed description that is presented later.

In one aspect, this disclosure describes a feature for EV
users to reduce anxiety that may be caused by uncertainty as
to whether or not an electric vehicle has sufficient charge to
carry out its agenda for the remainder of the day. In other
aspects, software analyzes a planned route, in view of a
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variety of information including but not limited to a history
of prior usage data for the vehicle, driving style, planned
route, current traffic conditions, and current charge or energy
level of the vehicle batteries, to determine whether it will
have sufficient range to complete the proposed trip.

In another aspect, the system provides information to a
user regarding charging stations located either nearby or
along a proposed route, for recharging the vehicle. Range
analysis, mentioned above, combined with route planning
and charging station data can be used to identify charging
stations along the route, to check their suitability for the
vehicle, to check their availability, and to make a reservation
for charging at a selected charging station.

In a preferred embodiment, some user services and fea-
tures are provided through communications between a “cli-
ent” device in the car and a central server computer, further
explained below. Preferably, the central server is arranged
for communication with at least one charging station net-
work.

Additional aspects and advantages of this invention will
be apparent from the following detailed description of
preferred embodiments, which proceeds with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified diagram illustrating a system to
deliver driver services to operators of electric vehicles (EV).

FIG. 2 is an example of a screen display for login to a
client application consistent with the present disclosure.

FIG. 3 is an example of a client application screen display
indicating a readiness status of the electric vehicle.

FIG. 4 is an example of a client application screen display
showing icons corresponding to a variety of available user
services and features.

FIG. 5 is an example of a client application screen display
showing examples of remote control features.

FIG. 6 is an example of a client application screen display
regarding specification of drive times.

FIG. 7 shows an example of a listing of drive times by day
of the week.

FIG. 8 is an example of a client application screen display
for adding or “programming” a drive time.

FIG. 9 is a continuation of the screen display of FIG. 8,
which may be accessed by scrolling.

FIG. 10 is an example of a client application screen
display regarding eco-charge profiles, to take advantage of
variation in electricity prices for charging an electric vehicle.

FIG. 11 is an example of a client application screen
display showing a listing of eco-charge profiles per location.

FIG. 12 is an example of a client application screen
display for selecting a charging location to define a charge
profile.

FIG. 13 shows an example of a client application screen
display comprising a map showing the user’s current loca-
tion and a current location of the electric vehicle.

FIG. 14 is an example of a client application screen
display showing a suggested route on a map for walking
from the user’s current location to the current location of the
electric vehicle.

FIG. 15 is an example of a client application screen
display showing the suggested route of FIG. 14 in a list view.

FIG. 16 is an example of a client application screen
display for a travel planner feature.

FIG. 17 shows an example of a client application screen
display for adding a route point or adding a charging station
for planning a trip.
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FIG. 18 is an example of a client application screen
display for entering a place or address as part of planning a
trip.

FIG. 19 shows a listing of locations that were found based
on the data entered in FIG. 18.

FIG. 20 is a an example of a map display showing the
locations that are listed in the screen display of FIG. 19,
enabling user selection of a desired location or route point by
touching the screen at the corresponding location indicator.

FIG. 21 is an example of a client application screen
display showing the EV current location and status, along
with the selected route point.

FIG. 22 is an example of a client application screen
display for conducting a search for charging stations near a
current location of the EV.

FIG. 23 is a continuation of the screen display of FIG. 22
which may be accessed, for example, by scrolling.

FIG. 24 is an example of a client application screen
display showing a listing of charging stations found near a
requested or current location.

FIG. 25 is a map display showing locations of the
charging stations that are listed in the display of FIG. 24.

FIG. 26 is an example of a client application screen
display showing details of a selected charging station,
including its present status.

FIG. 27 is an example of a client application screen
display showing the electric vehicle’s current location and
status, and showing route points that have been selected for
a trip.

FIG. 28 is an example of a client application screen
display arranged for user to enter a home address, which
may be used as an anchor point or route point.

FIG. 29 is an example of a client application screen
display showing a car’s present location and status, and a
series of route points for a trip.

FIG. 30 is an example of a client application screen
display regarding planning a proposed trip.

FIG. 31 is a continuation from FIG. 30 showing details of
the proposed route.

FIG. 32 is an example of a map screen display illustrating
the proposed route.

FIG. 33 is an example of a client application screen
display for searching for a charging station near a defined
location.

FIG. 34 is a continuation of the display of FIG. 33
showing more details for a charging station search.

FIG. 35 is an example of a screen display showing a
listing of charging stations that were found pursuant to the
search defined in FIGS. 33-34.

FIG. 36 is an example of a map display showing the
locations of the charging stations listed in the screen display
of FIG. 35.

FIG. 37 is an example of a screen display showing details
of a selected charging station with an option to reserve
charging time at the charging station.

FIG. 38 is an example of a client application screen
display showing an upcoming commute and a series of
stored commutes, along with travel time information based
on current and statistically projected traffic conditions.

FIG. 39 is an example of a client application screen
display showing a health report for the electric vehicle.

FIG. 40 is an example of a client application screen
display showing information about a user’s driving style
based on a history of trips, and displaying information
reflecting monetary savings and energy consumption.
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FIG. 41 is an example of screen display showing aggre-
gated information for a given group or fleet of electric
vehicles.

FIG. 42 is an example of a client application screen
display for managing a user’s account and other operations.

FIG. 43 may be a continuation of FIG. 42 for maintaining
a user profile.

FIG. 44 is a continuation of FIG. 43 for maintaining a user
profile.

FIG. 45 is an example of a screen display regarding a user
profile showing additional options.

FIG. 46 is an example of a screen display for updating a
user password for a mobile application account.

FIG. 47 is an example of a client application screen
display for making a reservation at a selected charging
station.

FIG. 48 is a continuation of the prior screen display for
setting more details of a charging station reservation.

FIG. 49 is an example of a screen display confirming a
charging station reservation.

FIG. 50 is an example of a screen display related to
canceling a reservation at an EV charging station.

FIG. 51 is an example of a client application screen
display regarding a stored commute to work, with informa-
tion on travel time and an alternate route.

FIG. 52 is an example of a map display illustrating a
proposed route.

FIG. 53 is an example of a screen display of the map of
FIG. 52 showing an indication of traffic conditions.

FIG. 54 is an example of a web page interface to a server
for electric vehicle services.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 illustrates a system to assist a driver of an electric
vehicle (15). For example, the system can be used for
determining an appropriate time or place to recharge the
vehicle battery. The system 100 includes a server 12, which
may comprise one or more servers and other resources,
wherever located. It has suitable means for communications
over one or more networks, such as the Internet and/or a
telecommunications network. It may communicate via a
suitable gateway to a wireless telecommunications network.
In some embodiments, the wireless telecommunications
network may be used for server communications with a
client device 11. In some cases, in-band signaling may be
used for data communications during a voice channel call on
the wireless telecommunications network. In some embodi-
ments, a broadband or WiFi network may be used for server
communications with a client device 11. Any or all of the
above, as well as a wired network, POTS, cable, or other
means not yet known may be used for server communica-
tions with other one or more EV charging station networks
(not shown), which in turn may communicate with indi-
vidual charging stations 30.

A client device 11 may comprise, in some embodiments,
a personal portable device (cell phone, PDA, laptop, tablet
computer, etc.), a vehicle “head unit,” a desktop computer,
or the like. The servers 12 typically include a memory device
to store instructions that, if executed by a computing device,
perform operations that will be described herein as opera-
tions of the server 12.

The server 12 may collect, from an electric vehicle or a
computing device coupled to the electric vehicle, data for
learning driving patterns. In a preferred embodiment, the
server transmits a query or request to a wireless communi-
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cation device embedded in the EV to acquire historical
driving data. In an alternative embodiment, a client device
11 in or near the EV may be used to acquire the data and
transmit it to the server. The server 12 generates a driving
history based on the collected data. The server 12 may store
the driving history in a database. The database may be
organized, for example, as a plurality of entries or records,
each indicating a particular driving trip of the subject
vehicle. Data may be aggregated over a fleet of vehicles.

A trip record may include, for example, a distance trav-
eled by the electric vehicle, how much energy was used by
the electric vehicle during the trip, and a time stamp indi-
cating a date and time that the trip started and/or ended.
Additional information in a trip record may include a route,
start and stop locations, way points, traffic data and or
topological data. It may include weather conditions or
temperature, traffic conditions and other variables. A
detailed record may include periodic speed readings.

The server 12 analyzes the database entries. In one
example, the server 12 may identify patterns based on the
database entries, i.e. a difference between certain days of the
week vs. other days of the weeks, which has some consis-
tency across weeks, i.e. observing that 18 kilowatt hours are
typically used on Wednesday while 15 kilowatt hours are
typically used on a Thursday.

In one example, if a pattern is identified, the analysis may
include the server 12 interfacing with a calendaring appli-
cation to determine future trips that would skew an expected
usage based on an identified pattern. The server 12 may
check the appointment for address information. However, if
the appointment lists a person but not address information,
the server 12 may obtain address information listed for the
person from the appointment using contacts or some other
database.

In one example, the server 12 may determine an expected
energy usage for a time period to occur based on the
analysis. The determination can consider parameters such as
temperature, weather conditions, characteristics of expected
travel when they vary from historical travel (such as the use
of a hilly route or a high speed freeway that are not normally
used), traffic, tire pressure, vehicle load (number of passen-
gers), or other variables. In one example, the determination
may include comparing a current or expected temperature
for the time period with an average temperature based on
prior corresponding time periods. Energy usage may be
higher than expected from the identified pattern if the day is
unusually cold, for example, because a driver may be
expected to utilize the vehicle’s heater more than usual.
Conversely, in hot weather the air conditioning will have a
similar impact. HVAC in general requires energy from the
batteries. Also, weather forecasts or current conditions can
also be used in the determination. For example, expected
energy usage may be different than expected based on an
identified pattern if there is currently snow on the ground or
other weather conditions that could affect frictional coeffi-
cients of the tires of the electric vehicle.

The server 12 may generate a presentation for a driver of
the electric vehicle based on the determination. The gener-
ated presentation is to be displayed using the client 11 (in
one example the generated presentation may be displayed on
a visual and/or audio display of a vehicle head unit of the
electric vehicle).

The generated presentation may indicate whether the
amount of energy currently stored in the battery of the
electric vehicle is greater than the expected energy usage for
a particular time period, e.g. the rest of the day, based on the
determination. In one example, the generated presentation
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specifies that the driver is “Ready To Go”™ (“Ready to Go”
is a trademark of Airbiquity Inc.) if the amount of energy
currently stored in the battery of the electric vehicle is
greater than the expected energy usage for the rest of the day.
In an embodiment the determination may be made not for
the whole day, but for the morning commute to work, for
example, or return home from the office. A screen for the
example described in the immediately preceding paragraph
is shown in FIG. 3. The shading extending from 0 to below
50% represents the determination of energy usage for the
day. The dial indicates energy available in the battery.

FIG. 2 is an example of a screen display for login to a
client application consistent with the present disclosure. In
this example, the login screen is shown for a smart phone
type of portable device. Suitable applications or “apps” may
be provided for various different client devices as noted, and
a similar application may be deployed on a vehicle head
unit. In FIGS. 3-53, a smart phone or iPhone display screen
is used by way of illustration and not limitation. Any display,
including a windshield “head up” display, may be used.

Referring again to FIG. 1, the server 12 may store an
application 20 to be downloaded to a personal portable
device for operation thereon. In one example, the application
20 is downloaded to a personal portable device, such as a
mobile phone. The personal portable device operating the
application can remotely control a component of the vehicle.

In one example, the downloaded application causes the
screen shown in FIG. 3 to be displayed on the personal
portable device. The “charge now button” causes the per-
sonal portable device to transmit a signal that causes the
electric vehicle to begin charging (so long as the electric
vehicle is plugged in to a utility power source). Other
components of the vehicle may be controlled using the
Remote Control feature further described below.

FIG. 4 is an example of a client application screen display
showing icons corresponding to a variety of available user
services and features. Other features may be added or
removed. For example, new applications later developed
may be downloaded from the server and installed on the
client device.

FIG. 5 is an example of a client application screen display
showing examples of remote control features. These may
include operation of vehicle door locks, horn, lights, and
motor startup or stop. The remote control may indicate
current cabin temperature, and may enable remote control of
heating or cooling operations to condition to cabin tempera-
ture prior to user boarding.

FIG. 6 is an example of a client application screen display
for utilizing a feature that may be called Drive Times. This
enables a user to specify regular or repeating “drive times”
or trips. For example, a commute between home and work
locations may define a drive time. The times, days of the
week and locations may be “programmed” and stored. If a
car is plugged into a charger at work all day, for example, it
may try to take advantage of variations in charging cost
(prices) if it needs charging for only, say one hour. FIG. 7
shows an example of a listing of drive times by day of the
week. It also shows a desired cabin temperature for depar-
ture time. The remote control feature may utilize this infor-
mation to begin pre-heating the cabin if necessary in
advance of the scheduled departure or “drive time.” A button
at the bottom of the screen enables adding a new drive time;
it may be used to invoke a screen display like that shown in
FIG. 8.

FIG. 8 is an example of a client application screen display
for adding a new drive time. A time of day is specified, and
days of the week are selected. Optional pre-conditioning of
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the cabin may be selected, as well as pre-heating seats. FIG.
9 is a continuation of the screen display of FIG. 8, which
may be accessed by scrolling. It shows check boxes for
selecting days of the week for the subject drive time. See
discussion of commutes below with regard to FIG. 38.

FIG. 10 is an example of a client application screen
display regarding “Eco-Charge Profiles,” a feature designed
to take advantage of variations in electricity pricing for
charging an electric vehicle. Each profile may be associated
to a specific location where charging is available. FIG. 11 is
an example of a client application screen display showing a
listing of eco-charge profiles per location. A button at the
bottom enables adding a new location. FIG. 12 is an example
of'a client application screen display for selecting a charging
location to define a charge profile, and assigning a name to
the location.

FIG. 13 shows an example of a client application screen
display comprising a map showing the user’s current loca-
tion, and a current location of the electric vehicle. A button
at the bottom of the screen display may be used to request
walking directions to the vehicle. FIG. 14 is a map display
showing a suggested route for walking from the user’s
current location to the current location of the electric
vehicle. The current location of the vehicle may be obtained
in various ways, for example, by querying the vehicle (from
the server or the handheld client), or accessing a stop
location from the last trip history database record, or a
temporary data buffer. Further, a stop location can also be
recorded via the portable device (with GPS) manually by the
user or automatically when the vehicle is Key-Off. A button
at the top of the display enables toggling to a list view of the
suggested route. FIG. 15 shows the suggested walking route
of FIG. 14 in a list view.

Travel Planning for EV

FIG. 16 is an example of a client application screen
display for a travel planner feature. The travel planner may
be used to calculate routes based on current location and
taking into account the vehicle charge level. If necessary, a
route may be modified in order to visit a charging station
along the way. FIG. 17 shows an example of a client
application screen display for adding a route point or adding
a charging station for planning a trip. The display may
include indications of the car’s current location, charge level
and estimated range. Planning a trip may involve the fol-
lowing display screen interactions. FIG. 18 is an example of
a client application screen display for entering a place or
address as part of planning a trip. FIG. 19 shows a listing of
locations that were found based on the data entered in FIG.
18. In FIG. 19, the listed locations preferably are color
coded, or some other indicator provided, to indicate whether
the vehicle is capable of reaching the location based on
current location and charge level. For example, green color
may be used to indicate that the vehicle can reach the
corresponding location; yellow may be used to indicate the
vehicle probably can reach the location, but that is not
certain; and red may be used to indicate the corresponding
location is out of range. A button may be provided to switch
to map view.

FIG. 20 is a map display showing the locations that are
listed in the screen display of FIG. 19, enabling user
selection of a desired location or route point by touching the
screen at the corresponding location indicator. Preferably,
the locations are color coded on the map as described with
regard to FIG. 19. Referring now to FIG. 21, the user has
selected a location (from the list or the map view), and the
selected route point is now listed, again color coded, with an
indication of the distance to that route point. The process can
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be repeated to identify and select additional route points to
add to the trip. When ready, the user can press the “Calculate
Route” button at the bottom to obtain a recommended route.

Charging Stations

Referring now to FIG. 22, this screen display enables
conducting a search for charging stations. One may search
near a current location of the EV, or the user can enter
another location, street address or a specific charge station
name. FIG. 23 is a continuation of the screen display of FIG.
22 which may be accessed, for example, by scrolling. The
charge station search function, in a preferred embodiment,
may include specification of a charging station brand, char-
ger levels (types of chargers) and other criteria such as
network stations only, free stations only, public stations, etc.
The search is enabled, in some embodiments, by interaction
with the server 12 of FIG. 1, acting in communication with
one or more charging stations networks (30 in FIG. 1). In
some examples, the server 12 provides an aggregator func-
tion across multiple brands or networks of charging stations.
It may select favorites, find best pricing, or apply other
criteria including but not limited to those mentioned above.

FIG. 24 is an example of a client application screen
display showing a listing of charging stations identified by
a search. FIG. 25 is a map display showing locations of the
charging stations that are listed in the display of FIG. 24.
Corresponding distances may be listed for each station.
Brand names, and/or other indicia may be included as well,
for example, current pricing or special promotions. As
before, color coding may be used. From the list view or the
map view, a user may select a charging station to visit.
Details of the selected station may then be displayed as
illustrated in the example of FIG. 26. Details may include
charger levels, current status (availability for charging),
location, hours, phone and access details, photos of the
location, user reviews and comments.

FIG. 27 shows a selected charging station added to a trip
plan similar to adding a route point. In an embodiment, a
user can slide route points up or down on the display screen
(finger slide gesture) to reorder the trip, and then it can be
recalculated. FIG. 28 is an example of a client application
screen display arranged for a user to enter a home address,
which may be used as an anchor point or route point. FIG.
29 illustrates adding the user’s home location as a route
point for a trip plan. The user’s home may have charging
capability. In that case, it may be listed in an eco charge
profile as explained above with regard to FIG. 10.

FIG. 30 is an example of a client application screen
display regarding planning a proposed trip. This display may
result from a “calculate route” command. It provides options
to switch to map view (FIG. 32). The display may indicate
the vehicle’s ability to reach listed destinations based on
current charge level. It may show the route details, with
buttons to enable editing the route, and/or sending the route
to the vehicle. FIG. 31 is a continuation from FIG. 30
showing details of the proposed route. FIG. 32 is an example
of'a map screen display illustrating the proposed route, with
a button to toggle to list view. As noted earlier, color-coding
preferably is included in map views and/or list views of
locations or route points.

Referring now to FIG. 33, this illustrates a search inter-
face for finding a charging station independently of travel
planning. The charging station searching feature was
described above with regard to FIGS. 22-23. FIG. 34 is a
continuation of the display of FIG. 33 showing more details
for a charging station search. FIG. 35 is an example of a
screen display showing a listing of charging stations that
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were found pursuant to the search defined in FIGS. 33-34.
FIG. 36 is an illustration of the charging station search
results in a map view.

Charging Station Reservations

FIG. 37 is an example of a screen display showing details
of a selected charging station, as mentioned above, with an
option to reserve charging time at the charging station. FIG.
47 is an example of a client application screen display for
making a reservation at the selected charging station iden-
tified in FIG. 37. To do so, the user may log into a
pre-established account with a username and password. A
date is selected for the charging reservation, along with a
charging start time and duration. FIG. 48 is a continuation of
the prior screen display. The client application may indicate
a price for the charging session. It may obtain this informa-
tion from the charging network, or via the central server. The
client app may provide for a reminder. In a presently
preferred implementation, the central server implements the
charging reservation feature by interaction with a charging
station network, for example using an API. A “Reserve”
button on the app display screen may be used to make the
reservation. FIG. 49 shows an example of a screen display
confirming a charging station reservation, and showing the
reservation details. FIG. 50 is an example of a screen display
for canceling a reservation at an EV charging station. In
some cases, a penalty may be charged for canceling a
reservation.

Commuting Assistance for EV

FIG. 38 is an example of a client application screen
display showing an upcoming commute and a series of
stored commutes, along with travel time for each commute
based on traffic conditions. In case of heavy or slow traffic
along the upcoming commute route, the system may rec-
ommend an alternate route or departure time. Traffic and
route information may be provided via the server.

FIG. 51 is an example of a client application screen
display regarding a stored commute to work, with informa-
tion on travel time and an alternate route. An alternate route
may be one created by the system to present the driver with
a time saving option. Such alternate routes may be evaluated
for energy demands and presented only if the EV has
sufficient battery reserves.

FIG. 52 is an example of a map display illustrating an
alternate route responsive to the button on FIG. 51, with a
button to show traffic. FIG. 53 is an example of a screen
display of the map of FIG. 52 including an indication of
traffic conditions, for example, by using color.

FIG. 39 is an example of a client application screen
display showing a health report for the electric vehicle. FIG.
40 is an example of a client application screen display
showing information about a user’s driving style, which
preferably is based on a history of trips, and displaying
information reflecting monetary savings and energy con-
sumption for the subject vehicle. This type of report can be
generated by the server using the history database described
above.

FIG. 41 is an example of screen display showing aggre-
gated information for a given group, model or fleet of
electric vehicles. FIG. 42 is an example of a client applica-
tion screen display for managing a user’s account and other
operations.

FIGS. 43-45 enable maintaining a user profile. FIG. 46 is
an example of a screen display for updating a user password
for a mobile application account.
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FIG. 54 is an example of a web page interface for electric
vehicle services. The various features illustrated in FIG. 54
were described above with regard to a smart phone user
interface.

It will be obvious to those having skill in the art that many
changes may be made to the details of the above-described
embodiments without departing from the underlying prin-
ciples of the invention. The scope of the present invention
should, therefore, be determined only by the following
claims.

The invention claimed is:

1. A computer-implemented method comprising the steps
of:

providing a server computer;

coupling the server computer to a wireless network for

wireless communications;

establishing a first communication session over the wire-

less network between the server computer and an
electric vehicle (EV);

in the first communication session, acquiring trip data

from the EV and determining a current charge level of
the EV; and in the server computer:

analyzing the acquired trip data and comparing results of

the analysis to the current charge level of the EV to
estimate a range;

receiving and storing input data defining a proposed trip

using the EV, the proposed trip comprising at least a
destination location, and optionally a series of one or
more route points;

determining a proposed route to implement the proposed

trip;
in the case that the estimated range is not sufficient to
traverse the proposed route, identifying a charging
station located proximate to the proposed route;

proposing a modified proposed trip to include a recharg-
ing stop at the identified charging station en route to the
destination location;

establishing a second communication session over the

wireless network between the server computer and a
hand-held personal portable device;

in the second communication session, communicating the

modified proposed trip to the hand-held personal por-
table device; and

in the hand-held personal portable device, displaying the

modified proposed trip.

2. The computer-implemented method of claim 1 includ-
ing:

providing an application program executable on the hand-

held personal portable device, the application program
operatively coupled to a user interface of the hand-held
personal portable device and configured for interaction
with the server computer over the wireless network;
and wherein

the input defining the proposed trip is entered using the

user interface; and

the proposed modification of the proposed route is dis-

played on the user interface.

3. The computer-implemented method of claim 2 and
wherein said identifying a charging station located generally
along the proposed route includes, in the server computer,
establishing a third communication session over the wireless
network between the server computer and at least one
charging station network to acquire current charging station
information, and relaying the charging station information to
the application program to display on the user interface of
the hand-held personal portable device.
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4. The computer-implemented method of claim 2 and
further comprising:

estimating an arrival time of day (ETA) at the identified

charging station;
in the server computer, communicating a reservation
request to the identified charging station to recharge the
EV, beginning at the ETA;

receiving a response to the request;

based on the response, automatically updating the pro-
posed route to include a stop for recharging the EV at
the identified charging station; and

communicating the updated proposed route to the hand-

held personal portable device.

5. The computer-implemented method of claim 2 includ-
ing, in the server computer:

selecting a charging station, based on its location and

availability;

communicating with the charging station network to make

a reservation for charging at the selected charging

station on behalf of a user of the EV; and
communicating the reservation information to the appli-

cation program to display in the user interface.

6. The computer-implemented method of claim 2 wherein
analyzing the acquired trip data includes identifying patterns
in the trip data that reflect correlation of energy usage to days
of the week.

7. The computer-implemented method of claim 2 wherein
analyzing the acquired trip data includes identifying patterns
in the trip data that reflect correlation of energy usage to
topological data.

8. A non-transitory computer readable memory storing
instructions executable in a processor of a hand-held per-
sonal portable device, the portable device having a user
interface including a display screen, and the portable device
configured for communications over a wireless network, the
instructions arranged for causing the processor to:

acquire and store trip data responsive to operation of an

electric vehicle (EV);

determine a current charge level of the EV;

determine a current location of the EV,

transmit the driving data and the current charge level and

the current location over a wireless communication link
to a remote server for range analysis;

receive estimated range data based on the analysis over a

wireless communication from the remote server; and
display the estimated range data on the display screen of
the portable device.
9. The memory of claim 8 wherein the stored instructions
further cause the processor to:
receive input defining a proposed trip for the EV, the
proposed trip comprising at least a destination location,
and optionally a series of one or more route points;

transmit the proposed trip over the wireless communica-
tion to the remote server for analysis relative to the
estimated range data of the EV;

receive a proposed route to implement the proposed trip

over the wireless communication from the remote
server;

the proposed route including, in the case that the esti-

mated range is not adequate to complete the proposed
trip from the current location, a revised route that
includes a recharging stop.

10. The memory of claim 9 wherein the stored instruc-
tions further cause the processor to acquire a reservation
confirmation for the recharging stop from the remote server.
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11. The memory of claim 9 wherein the stored instructions
further cause the processor to program the revised route into
a navigation system of the EV.

12. The memory of claim 9 wherein the stored instruc-
tions implement an interactive client application for use in a
smartphone.

13. The memory of claim 12 wherein the stored instruc-
tions implements a screen display indicating a readiness
status of the electric vehicle.

14. The memory of claim 12 wherein the stored instruc-
tions implements a screen display including icons corre-
sponding to a variety of available user services and features.

15. The memory of claim 12 wherein the stored instruc-
tions implements a screen display to implement user speci-
fication of drive times.

16. The memory of claim 12 wherein the stored instruc-
tions implements a screen display to implement specification
of drive times by day of the week.

17. The memory of claim 12 wherein the stored instruc-
tions implements a screen display to enable adding or
programming a drive time.

18. The memory of claim 12 wherein the stored instruc-
tions is executable on a head unit of the EV or on a portable
client device coupled to the EV to utilize a display screen of
the head unit.

19. A computer-implemented method comprising the
steps of:

providing a server computer;

arranging the server computer for wireless communica-

tions with a remote client device associated with an
electric vehicle (EV), the wireless communications
including communications to acquire trip data from the
EV and to acquire a current charge level of the EV; and
in the server computer:

analyzing the acquired trip data and comparing results of

the analysis to the current charge level of the vehicle to
estimate a range;

reporting the estimated range to the remote client device

via the wireless communications, and displaying the
estimated range on a display screen of the client device.

20. The computer-implemented method of claim 19
wherein the remote client device comprises one of a group
that includes a personal portable device, a vehicle head unit,
and a computer.

21. The computer-implemented method of claim 19
wherein the acquired trip data includes a record for at least
one trip taken by the EV, wherein the record includes a
distance traveled by the electric vehicle, how much energy
was used by the electric vehicle during the trip, and a time
stamp indicating a date and time that the trip started and/or
ended.

22. The computer-implemented method of claim 21
wherein the trip record includes at least one of a route, start
and stop locations, way points, traffic data and topological
data.

23. The computer-implemented method of claim 21
wherein the trip record includes at least one of weather
conditions, temperature, traffic conditions and periodic
speed readings.

24. The computer-implemented method of claim 21
wherein analyzing the acquired trip data to estimate a range
includes taking into account current temperature at a current
location of the EV.

25. The computer-implemented method of claim 21
wherein analyzing the acquired trip data to estimate a range
includes taking traffic data into account.
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